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Project Overview
e Award Name:

e Award Number:

e Current Project Period:
e Project Manager:
e

e Overall Program Goal:

High Selectivity and Throughput Carbon
Molecular Sieve Hollow Fiber Membrane -Based
Modular Air Separation Unit for Producing High
Purity O,

FE-104918-FY19
BP3: 08/20210 03/2023
Evelyn Lopez

Development of high flux polybenzimidazole o
derived carbon molecular sieve hollow fiber
membranes having O,/N , selectivity > 15 for high
purity O , production to meet the needs of a
modular 1-5MWe gasification system
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Air Separations

e Cryogenic distillation is the industrially preferred technique for large -scale,
high purity O , production
i Cryogenic technology is energy inefficient at small scale
i Scale dependent estimated specific energy consumption 23 to 63 kJmol

e Membrane -based air separation processes have advantages over competing

technologies i Tailorable output stream conditions
i Inherent modularity & dramatically (T&P) to match downstream process
reduced footprint o Improved energy economics
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0O, Selective \WMembrane'\MateriaNNeéds

N
e Membrane materials: current state -of-the-art % J

u O./N , selectivities approaching 30 for polymer -derived PBI
carbon molecular sieve (CMS) membranes l
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for modular ASU
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® PI-CMS References
Liquids PBI-CMS: S.S. Hosseini et al., Separation and Purification

Technology 122 (2014) 278i 289

® PBI-CMS (This Work)
’ Commercial PI-CMS: A. Singh—Ghosal, W.J. Koros, J., Membrane Science
174 (2000) 1777 188
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02 Permeablllty’ Barrer revisited, J. Membr. Sci., 320 (2008) 390-400
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Project Qbjectives

e A membrane -based, modular air separation technology for high
purity O , production

i Develop CMS materials derived from PBI materials (PBI-CMS) to achieve the
desired material transport characteristics

i Develop PBI-CMS hollow fiber membranes having the desired membrane
performance characteristics

i Conduct process design and technoeconomic analysis based on PBICMS hollow
filoer membranes for air separation and benchmark against the industry standard
cryogenic technology

i Design a modular ASU with integrated peripheral equipment (e.g., blower,
vacuum pump, compressor) for high purity O , production scaled to meet the
needs of a modular gasification system
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Polymer Derived CMS/Membranes

e CMS membrane formation is multi -step process

Commercial Base Polymer CMS
Membranes

P PCUIE Hollow Fibers Membrane Pyrolysis

PBI Performance Products, Inc.

Pyrolysis Zone
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Talloring, Separation [Refformance PRyrolysiS Temperaiure

Temperature Profiles for Pyrolysis Morphology Change
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Ideal Separation Performance Estimated Q
Sample o
O, permeance, GPL O,/N, permeability [Barrer]
PBI 0.204 1.02 0.06
CMS580 0.303 8.44 8.48
CMS650 3.964 8.47 99
CMS750 0.782 @s.d 16.4
CMS850 42.3 0.90 550
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Achieving HighPermeance

e Challenge: Mitigate HFM porous support structure collapse during pyrolysis

Whole Fiber Outer Side SL

Base PBI-HFM

1st Gen CMS

2nd Gen CMS

_ US Patent Application - 18/170,722
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